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.

ABSTRACT '

The propagation of rf waves launched in the end cell and central cell of the tandem mirror
propulsion device has been investigated both thearetically and experimentally. Theorctically,
a computer code has been developed to study the wave propagation in a nonhomogencous
magnetic field. 1t was found that the amplitude of the wave excited in the plasma peaked
while approaching the resonance, but then damped out, indicating strong absorption of the
wave by the plasma. The absorption took place near the axis and midplane of the device. The
experitnental results confirmed the thearetical prediction of the phenomena of the resonance
effect ‘This means that the rf pawer is heating the plasma in center ontrary to the earlicr
prediction that the heating was near the edge. Therefore higher heating efficiency can be
pussible. A very important discovery of this experiment was the broadening of the ICRF
Fourier spectrum in the presence of the plasma. This broadening can be viewed as the
detuning of the @ value of the resonance circuit due to plasma loading. Instability has been
observed during the initial phase of the discharge followed by quiescent phase. Therefore
the instability was stabilized. Large amount of data has been taken and is in the process of
being analyzed. The analysis of plasma-gas intezaction with coaxial injection of plasina and
neutral gas has been completed which will be reported in detail separately. A collaboration
effort with AVCO Rescarch Laboratory has been established to examine the feasibility and
methed of using the high temperature plasma of this device for reentrance study for national
space plane developmental effort.

1 Introduction

A tandem mirror plasma experimental facility was established for space propulsion develop-
mental studies 111.,2.,13:,:4], 31, The experimental program encompasses three areas of study.
First. tu establish the fundamental plasma properties fur the range of propulsion application.
Second, to seek ways to maximize plasma heating, thus the improvement of power conversion
elliciency and third, to study the plasma prapesties at the exhaust. The power cunversion
method will be to injeet the of power inte the plasma to heat the jon species at the ion
evelotron resunance frequency (JCRFE). Hence, understanding the physics of wave propaga-
tion in this device is fund.amental to achieving the areas just mentioned. \Vave propagation
in a hot plasma contained in highly nonhomugeneccus magnetic field is a very complicated
problem which was iniefly touched upun during the closing of the mirror fusion program.
Nevertheless, in the theoretical area, extensive analytical wurk was done during early years
of this program leading to the development of a computer code, BEACIH. The achievements

in theury and experiment are discussed in sections 2, 3, 4 and 5. The industrial participation




and the propused scope of work are diseussed in sections 5 and- 8,

2 Progress In Theorectical program

2.1 Analytical solution

The wave prapagation in a eylindrical geometry for cold plasma in nonhomogencous magnetic
field has been solved analytically and numerieally. The mathematics involved is long and
camplex, erefure the details will be discussed in a separate report ref{6). tere, the greatly
reduced but vet comprehensible theory is presented.

It can be shown that in the vacuum the Maxwell's equations can be reduced to the

following differential equation:

2. 1d . A

B TR (5B W
d? 1d

el - .l 9
i Hy T - I, (u ) H, -0 (2)

The sulutions to the above differential equations are the Bessel functions J,(vr) and Ka(vr).

It is seen that Maxwell's equativns can be separated into (wo component solutions in
a vacunm: TE and TM. While the presence of a plasma prevents a complete separation
intu the twao mades. the Maxwell's equations can be simplified into two similar modes: the

“nearly™ TE made,

f? 1d n?
dr* II., + " d 11.‘ 1 (A” - '"5) }]'.J 0 (3)
Ey sy (4)
5 - l..’;m}- o (5)
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and the electric mudes(nearly TM),

1? 1d 4 2
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The plasma field solutions are then simply a sum of the nearly TE and nearly TM modes,

He Hay v yaBa (9)
E.  =zHy ¢+ Ea (1u)

Where the solution of Equations 3 and 6 is the Bessel function J,,
ll:‘ - ”,,J"(k,.;r) (ll)

E.-.! - E,,J"(k,.z?‘) (12)

Given the boundary conditions and the transverse fields, the solution can be found to the
power absorption problem. However, the form of the solution is extremely complex and any
physical insight is lust among the algebra. In order to provide some physical insight into
the solution, it is necessary to reduce the problem further. Thus, several more assumptions
are made(1)Be ~ 0,i.c.only TE,; modes are considered; (2) n - 0, axisymmetric modes; (3)

netr) - ni(r) Constant. Therefore the fields in the plasma are reduced to the following

form:
E. - wpy\ YRID I, (13)
Eq dwpgd YKE KZS) LN, (14)
. ik A YKE KES) M, (1)
Hy K\ 3D, (16)

where the variables .\, and 8§ are defined in ref 6. The absorbed plasma power was shown

to be 2
] Lo dnt o, P ' -
P - i)-’tﬁ“"l‘“b’*" ;'\-‘i -d—'— {A,‘ - Qk_f}\‘ab 4 'éq(}i’z + 1,2)} (17)
di.. 1 -
P2 = Uv'l‘ok: !7}"' KL Dl?c(k;2 - kgbl?c)Dh" (18)
| L dedd
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Examining the functivnal dependence of Py and P, yields
L3

Py ¢ SimLy (19)
Py o 2l (20)
AV
where
L, -~ L{k 2KIGS ¢ kYR LA)} (21
(ki - 242 A’,.S_w‘a ka(J2 + 12)) (2
(K KR (K - KLY
In the limit of w0+« (I 0 2¢), it is seen that £, -+ 1. Therefore
wi w?
. J'H » -.}"\7 DY
ul‘lm.. Py wuic" T wy, (23)
I Wi ,
ul.'.m,, P N2 8-’»" (24)

The parametric dependences of the absorbed power can thus be seen and are shown in Table

]

Table 1: Parametric Dependence of the Absorbed Plasma Power

| R ]

Plasma Property Direction to maximize Py,

- PR, - - - o

Jon Temperature 7; | INCREASE

Plasma Density n, | DECREASE

+ Plasma Radius a INCREASE

e

- e . —_ PO U - - v m—— e

2.2 Computational Analysis

Although the analytical weatment of the previous section yielded intuitive results of the
dependence of Py, on plasma parameters, it nevertheless is too simplified a treatment to
apply to a real system. The main simplification that was made in the analytical treatment

was the use of only one eigenmode. Althcugh that allowed for a simple solution, the single

5




mode treatment is nevertheless too crude to be used. A typical solution that proved to
be useful required the solution of about 30- 50 mades which, upon summation, form the
resulting field solutions.

Another limitation of the analytical appraach is that it doesn’t consider the issue of the
field inhomogeneity. Again, this simplification was made in order to reduce the complexity of
the prablem. 1t is thus for these reasons that a computational analysis was deemed necessary
and undertaken.

The goal of this computational analysis is to provide a better modeling of the wave-
plasma coupling prablem than the simplified results of the analytical solution. However, this
computational analysis is not simply a purely numerical simulation. Much analytical work
is done to reduce the fields to fanctional form | iwe. L(ker)y Kulker), Ja(kyir) before the
numerical “number-crunching” is handed over to the codes.

The BEACH cade extends the analytical approach taken in the eylindrical geometry so-
lution of the previous section. It solves for the ICRF wave propagation in an inhomogeneous
axial magnetic field. The inhumogeneous axial geometry is handled by separating the axial
length into discrete axial “slices™, each of which contains a homogeneous axial magnetic Leld.

The code first finds the eigenmodes that exist in each axial slice by satisfying both the
iafinite plasma dispersion relation and the boundary conditions. The boundary condition of

the plasma -vacuum system can be written as:

all, + ek, oy dy (25)
t.‘;;”p Oy Ep C’ng) (26)
The solution to the above are:
e, (27
E, S (28)
oeyey ey (29)

The term [2 is then the boundary condition of the bounded plasma -vacuum system. Solving

this boundary condition coupled with the dispersion relation

SK 4 KIS + P) - K(SP + RL) + P(k? — KER)(A2 - KLY - 0 (30)
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vields the eigenmades of the eylindrical system.

Alter solving for the cigenmades of the system, the code then computes the excitation
cocflicicnts of the initial axial sliee as driven by the source term (Antenna). The excitation
cocflicient of the next axial slice ean shen be determined by imposing two conditions of
coptimity on (e boundary between the two axial slices: conservation of the integrated
axially propagating Poynting Flux [ S;rdr , and the continuity of wave phase. These Lwa
conditions uniquely determine the excitation coefficients of the different cigenmodes in the

next axial slice. This analysis is then performed for all axial slices.

2.3 Computational Results

Computational analysis was performed un two types of plasma regimes: collisionless and

collisional cold plasima. Different physics are inherent in each different regime.

2.3.1 Collisionless

Initially, the calenlations of the ICRF field propagation were performed using a cold, colli-
stonless plasma maodel. This ensures that there exist no cumplex k; roots that could damp
ant the axially propagating Paynting Flux, thus enabling a good check of the model's ability
to cunserve power,

Several different antenna geometries are used to launeh different modes. The two antenna
peametries that were studied were the full turn loup and the hall turn loop.

Phe baseline madel is driven by a Full Turn Loop (FTL) antenna. Because it is symmetric
in #, the full turn loop antenna excites only the n -0 mode. Figeres 1 and 2 show the
propagation characteristic of the ICRF B, and E, ficdds as the waves propagate from the
Inunch point (2 1) towards the resonance point downstream. The results that are readily
observable from this collisionless propagation of the n U mode towards resonance are given

Ledony:

1. .3, Increases - Thisis an expected result. Stix shows (Stix, Theory of Plasma Waves,
p.31. Eq(18) } 8 that for a homogencous lossless riedium, the group velocity is

P-T (31)

Yo - I

-3

]



N=0, N&= 1.50410", W/WCI0= 0.788 , COLD COLLISIONLESS MODEL

NO. MODES =30

Figure 1: 1CRF By Propagation in a Culd Collisionless Plasma, Full Turn Loop Antenna,
w ‘weill - 0.788. Waves are launched by the ICRF antenni at z = Ocm and propagate
tuwards resonance at z = 50cm.



N=0, NE= 1.50%10", W/WCi0o= 0.768 , COLD COLLISIONLESS MODEL
. NO. MOBES =30

Figure 2; ICRF E, Propagation in a Cold Collisionless Plasma, Full Turn Loup Antenna,
wlweill - 1,788



When resonance is approached. the group velocity slows down, resulting in an increased
. . F A1 R . Shes b . . -
cnergy density Wy This increased energy density is apparent in the increase in 15,],
since the encrgy density varies as
. B E?
“ﬂ Ba o L)) 9 (32)
2, Increase in axial and radial ke - As resonance (w w,) is approached, the left
hand cut-off (k3 k3L) increases. cansing an increase in the resulting &, cigenmodes,
This is consistent with the slowing down of the group and phase velocities a8 resonance

is approached.

J. High edge electric fields E,, £ and E, that propagate inward - This is
result that could be consistent with experimental observation. Golovato points ou.
(Personal communications) that although a high edge clectric field is predicted by the
ANTENNA cade, experimentally no edge electric field is detectable. The BEACH
simulation shows that the reason that no edge electric field is detectable is that the

edge spike moves radially inward into the plasina as resonance is approached.

1. Higher order modes excited at higher amplitudes for lower initial w/jw, - This
result reflects the effeet of the antenna excitation profile (Jy(k,)) on the excited EM
field coeflicients. For a lower w/w,,. the value of the left-handed cut-off in the infinite
plasina dispersion relation k3L decreases. Since the Jy(k;) profile remains constant,

this means that ALL modes are now excited to higher values. (See Figure 27 )

ke solution of the dual half turn loap (IHTL) geometry puses a more difficult problem
than the full turn loop (FTL) solution. The main difference bhetween the DHTL and the
FTL lies in the .I'(k:) driving term, specifically the radial feeders, This is different from the
Full Turn Loop (FTL) geometry in which the contribution frum the radial feeders cancel
out (Since one leg is entering and the other is exiting, net J; is zero). The mudelling of the
driving term J{k;) for the DH'TL is detailed in a full report in preparation.

The basic characteristics of ICRF propagation towards resonance are similar to the FTL
(n=0) case, i.c. increasing k, and k. and increasing B. amplitude. The main difference

is the larger &, and k. ror the DHTL case, which is to be expected since the asymmetric

10




(about v 0) DHTL excitation necessitates radial eigenmades that have smaller perpendicular
wavelengths {larger k; ) and henee laeger k..
The E; field also appears to he similar in structure to the FTL case, with an initial edge

peaked /5, that propagates towards the center of the plasma as resonance is approached.

2.3.2 Collisional

The presence of collisions, of course, implies a finite temperature. The Cold Plasma Colli-
sional Model means that the expansion of the plasing Z-function excludes temperature effects
and keeps only teems of Op,, w). The cade results for the case of ICRF propagation in a
vald collisional plasma is seen below in Figuee 3.

The presence of collisions manifests itsell in a complex dielectric tensor. Recall that the

dieleetric tensor is given by

S o
4 S 0 (33)
o o r
where
s L) (34)
D. )R L) (35)

The presence of collisions i, a cold plasma produces the following expansions for §, D, and

I‘

2 » VR
S o Ym o’ wy g (36)
~ wl)y, iul(\u” ouff. ' ".’2 )
2 T L
‘, L-‘."h"l (:i‘ .‘j_’.—‘U'A“lI.EJl’\)‘ )
l A P Vo IR L o
PPo1 N e (38)

— lwriiia)

Using these complex elements of the dielectric tensor, the dispersion relation can be solved
with the geometric buundary condition to yield a set of eigenmode solutions for this plasma

vacuum geometry. The difference between these solutions and those of the cold collisionless

11




N=0, NE= 1.00x10", W/WCi0= 0.788 , COLD COLLISIONAL MODEL
T1-PERP= 10.00, TE-PERP= 10.00, TI-Z= 10.00, TE-Z= 10.00
NO. MODES = 30

Figure 3: ICRF B, Propagation in a Cold Collisional Plasma, Full Turn Loop Antenna,
w w788




N=0, NE= (.00x10", W/W(10= 0.788 , COLD COLLISIONAL MODEL
TI-PERP= 10.00, TE-PERP= 10.00, TI-Z= 10.00, T%~Z= 10.00
NO. MORES = 3¢

Figure -I: ICRF E, Propagation in a Cold Collisional Plasma, Full Turn Loop Antenna,
U.u'/“:"-“' - U.TSR
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plasma is that the & cigenmodes are now camplix  these waves jare now damped ag they
propagate towards the eyelotron resonance. This damping transfers energy from the waves

to the plasma, causing plasma heating.

3 Progress In Experimental Program

3.1 Diagnostics

In order to determine the plasma characteristics of the diseharge produced, an adeguate set of
diagnostics must be assemlded 1o measure sume basic plasma parameters. These paramcters
include the a4 temperature 1), electran temperature 1., and electron and jon densitics n,,
n.. A system of diagnostics was designed, fabricated or reconstructed, calibrated and used
to determine plasma properties as part of this experiment. This section will discuss the
diagnostics systems that were fabricated and for reconstructed for use on this expenment.
The diagnostics currently aperating are listed in Table 2 along with the plasima properties
that they measure. The principle of these diagnostics and their operation and method of

analysis are evaluated and presented below,

- - st

Table 2: PPEX Diagnostic Set

IMAGNOSTIC , LOCATION PLASMA PROPERTY MEASURED

. - 1

LANGMUIR PROBE U Tufu). ndu) ,

INFERFERONMETER  CC Anchor a,

I, ARRAY CCL Anchor | n(r)
SPECTROMETER  Anchor  + T, m,. Plasma Hotation
DIAMAGNETIC LOOP » (¢ Cdon T T |
| B-DOT PROBE : ce k. ICRF Propagation

14




3.1.4  Langanuir Probe

‘The basic principle of the Langmuir is well-known and is briefly deseribed to the method
of analysis used here. A Current-Voltage characteristic curve is produced when the probe
driving valtage is sweeped from seme negative value to o positive value (& L, p.115)ref9]
At negative valtages. the prabe should attract only jons at an jon saturation flux found to

be (Huddlestan, Lesnard, p.130) rel'y

]
YA
I e ,l, facd ( ‘Il ) (39)

where A is the probe area, ay the plasma density, and M the fon mass. As the prebe voltage

is increased, more and more electrons can penetrate the negative potential until a floating
potential 17 is eventually reached. ‘The probe being at the floating potential means that
the net inward clectron flux equals the net inward jon flux. As the voltage is continuously
raised, the prabe now attains a lnear regime in which the clectron current behaves in an
exponential manner, assuming a Maxwellian electron distribution. (H& L, p.)33). This is
known as the transition region and has the characteristice:

i
k'l‘ * (&)
I Ay ( ) e

Qmm

From experimental observations of the current-voltage characteristic, the electron tem-
perature [ and density a can be found. To ealenlate the electron temperature, the slope of
the transition region is used. Taking the region of canstant slupe in this region, the electron

temperature can be found from (Hutchinson, p.Gd) ref 10

ol L)

I dl V'

(1)

where [ is the Langmuir probe current in the middle of the linear region, :,"' is the slope of
the Langmuir Probe |V charseteristic of the linear region, and I, the jon saturation current.
From this value of the eleciron temperature, the edge plasma density can be found from

the ion saturation current /,, (Hutchinson, p.to):

1y -nACuqe -3




where A, is the area of the Langmuir Probe tip, €', the ion sound speed (€ (T2/m)d ).

The density is then found to be

T (41)

1 -
R Way” |
3.1.2 Interferometer

The basic principle of plasion interferometry utilizes the phase shifting of the plasma O-made
wave whose dispersion relation is
? 3 2,‘.3

ow o [
e

where

Y
e folfl,

is the electron plasma frequency. The index of refraction can then be defined as
1
27 2
., ¢k w
o\ = [l = ”]
w

The phase change due to the wave propagating in the plasma imedinm of length 1 (in addition

ta its normal propagztion in vacuum) is then
Sd kN 1)

Fram the measured value of the Ag, the line averaged electron density can be found by

w‘:.quillf A ?
. * , ')
n, 2 ] [l kl] ) (12)

3.1.3  Frequeney Sweeping Operation

The above is for a homadyne interferameter. The interferometer used in the PPEX experi-
ment is a frequency-swept interferometer. The basic principle of the phase shift is the same
as that of the homudyne imterferometer, the difference being that the frequency of the in-
terferometer is swept aver a lixed range. Sweeping frequencies from 100Kz to 1Mz have
been used. The interferometer in the PPEX experiment utilizes a 80K Hz ramp generator to

produce the sweeping frequency.

16




For such a frequency swept interferameter, the phase shift is given by

A¢ 2 xlIix10 m];(-(l;ﬂ-?) n (x, t)dz(m ?)

For the J5GHz interfermucter used on the PPEX, this wocks out to be
A6 K 10 Ma A
or, uRing an average plasma rading of Wem,
B, s (208 2 10 e ) (13)

where Q¢ is the phase shift in radians.

3.1.4 Spectrometer

The Doppler shift due to a souree moving parallel (with veloeity v,) to the direction of
observation is
L)

Ao\ - o\

(ol

It can be shown (HE&L, p.268)rel™0 that for sources of Muxwellian velocity distribution,

A ! AN\ )
1AM - ex
( ) 7-‘3.3«\[_; p[ k-l‘\b ]

where /i is the total line intensity, The intensity is half its maximum value when the expo
nential reaches 3. The full width half max (FWHNM) (& L. p.264) line width is found to
biee

ANy TG00 TNTM

{7, is in degrees Kelvin, M is the moleenlur w of the jon) Therefure the jon temperature is

found to be

AN

tn

. KN
(7.16 « U TAR (H)

1
The rotating mirror assembly is constructed to convert the J-A Monochrometer Spectrom-
eter intu a scanning spectrometer. The reason for using a rotating mirror assembly is to

translate the incoming beam by a glass slide, hence shifting the vavelength entering the

photomultiplier slit.

I7




Using Sucll’s Law, the amount of beam translation is fonnd to be
. cas 8
§c tsinf |1, L
\ n? - (sinf,)?
By teanslating the beam with a rotating glass slide, the wavelength that is being examined

by the photomultiplier assembly is thus cansed to vary

3.1.5 ”,, ;‘\!‘rny

The basie I, arcay constructed for use on the PPEX is 0 multi-chord phatomultiplier system.
The basie principle of the Multichord Areay is that of a pinhole camera. Light from the
plasima passes through a pinhole and is subsequently detected by the phatodeteetor array
on the end of the array halder. Arbitrary filters may be installed over the pinhole to allow

viewing of different light, be it impurity or plasma emissions.

3.1.6 Diamagnetic Loop

The diamagnetic loop is & magnetic field probe that is positioned around the plasma. The
luop detects the magnetic flux that it surrounds and the voltage induced on the loop is
subnequently measured and processed to yield the plasma beta,

Using Maxwell’s cquations and the MHID Equilibrivm condition, it ean be shown that

the magnetie lield inside a plasia of finite J is given by

/
B, N oas,

»

where 7 s delined as the ratio of the plasing pressure to the magnetic field pressure, J

' (187 2p,). The thax that passes through the dinmagnetic loap is then found to be
4 ]

. Ty r
G Jetal SN ( .[ N2z0edr / Hu'l:mlr)
L] f'

The plasma contribution is then seen tu be

Nabimel
) 9 -

The output voltage that is induced in the loop is RC integrated to yvield the magnetic flux

and is seen to be
" N ¢:J‘
[1 I
RC
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Thus the plasma 3 cau be found direetly from this output voltage and is seen to be
Ty Tl
A 13.3:.-:-;

where the factor ~ takes into account the irequency response of the diamagnetic loap,

3.1.7 DB-Dot Probe

The B-Dot probe picks up the ICRF fluctuating magnetic fields that are either propagating
in the plasma or evanescent but sl deteetable. The B-Dot Probe works with a similar
prineiple to the Dinmagnetic Loap, namely that the time-varying RF field is picked up and

read as an induced Joop voltage \', where
d 7 . w
[N <dA
cll.j e
This indueed loop voltage ean then be detected and digitized.

3.2 ICRH Wave Experimental
3.2.1 experiment set-up

The schematic of the experiment is shown in Fig, 5. There are double half-loop antennae in
the suuth end cell and in the north end of the central cell. Both antennae are located at fields
higher than the corresponding ones for their resonant frequencies (w -2 wy). The frequency
of the of power is in resonance with the jon evelatron freguency at the field of the midplane
uf each cell, \When of radiation was emitted at the sntennae, the wave excited in the plasma
travels both radially inward and axislly towird the center of each cell. The diagnastics
enclused by the box in Fig. 3 are carrenthy uperational which were built and installed in
the past year. A scanning spectrumeter and a retarding field grid energy analyzer will be

stalled luter.

3.2.2  experimental results

The B-dut probe allows the measurement of B.. By and B.. B, and By viere very small.

The Fourier spectrum of B, is shown in Fig. 6 is the wave in the vacuum. The fundamental
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frequency s 3 Mz marked by . The harmonies are marked by 1.2,3 and 4. The peaks
in between may be due to the imperfeetion of the of teansmitter. A camparison of Figs, Ga
and Gb shows that the smplitude of fundamental frequeney peak iz one unit in the vacunm
amed 30 upits in the plasioa. The halfawidth is abous 0.0 M for the vacunm and 1 M
for the plasina. Therefore the mnplitude of the wave is 50 times higher in the plauna than
in the vacnum at the resonance which eonfinms the theoretieal prediction. The width of
the wave is 10 times broader. The reason that the plasma signals are much larger than
the vacuum signals is that the ICRF B, is evaneseent in the vacunm, while the presence
of the plasma allaws it to propagate. This large broadening indieates increasing resistance
due ta the Joading of plasma. There is little evidenee that the wave ipjeeted in the end cell
will prapagate inta the central ¢ell or vice versa becanse of the fact that the wave energy is
damped and absorbed near the resonance in the respeetive eclls. There is also little evidence

of heating eleetrons at the edge, an indication of less Joss and higher efficiencey.

3.2.3 Plasma Broadening of ICRF Spectrum

Une of the discaveries miade on this plasma propulsion experiment is the broadening of the
ICRE Fourier spectrum in the presence of a plasma, Comparison of 2 vacummn ICRF shot
te i plasmn JCRE shot dlearly shows this effeet. We propose an explanation for this effect.
The broadening is thonght to be eansed by the detuning of the plasina Q as defined by

0 J A
Af R

Since the antenng was originally tuned for vacnum, the ¢ is very large for a vacuum shot

(henee o narrow peak). However, the presence of o plasima inereises the serial resistance

uf the equivalent KLC resonanee cirenit, therefore ¢ ",: deereiases, caudng A f( - t{,) to

inerease,

3.2.4 Instability

To understand the resonance effect two types of experiments were carried out: To inject the
rf power at a frequency shightly higher or lower than the resonance frequency. Therefore

we called the class of discharges with w > w,., as tvpe | and the class of discharges with
[ Ay 8

2]




REFERENCE SPECTRUM, SHOT NO. 1539
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Figure 9: Fourier spectrum of the messured wave ol frequecy of 3MH,: (a) in the vacuum aad
(b) in the plasma. The amplitude and width of the wave in the plasma are much
larger then in the vacuum.




W e win s type 1L Figure 7 shows the Hea acquired during TYPE 1 and 1l discharges.
There are distinguish features between these two types of H-a emissions. For the first type,
There is strong fluctuations initially which decays and becomes quiescent. This indicates the
instability at the initial phase of the discharge. Fortunately it was stabilized possibly due
ta the ponderomative force of the ef wave, The plasma is quiescent for the type 1l discharge
although the amplitude of the H-a cmission is modulated. "This modulation may be due to
the ECRH pulse or plasma ratation which has to be carelully investigated..

Ta find ent the physical nature of the instability and its stabilizing meehanism for the
type | discharge and souree of the mudulation for the type 11 discharge will be the center of
our research effort. To do o additional diagnostics are needed, such as B-dot prabe array,
Langmuir probe arreay, retarding ficld grid energy analyzer and charge exchange analyzer.

In addition to the results presented above Jarge amount of data have been collected.

DNetailed analysis is underway




H-olpho Charocleristic for Shot No 1854
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Figure 7: Comparison between the H-a output of TYPE 1 and TYPE 11 discharges. TYPE |
(Top) shows a uch higher light emission level as well as the three different regions identified
as Ramp-up, Oscillatory, and Quiescence. TYPE 1! (Bottem) shows little light emission and
is relatively quiescent
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